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METHOD FOR IMPROVING RELIABILITY OF 
COPPER INTERCONNECTS 



FLELD OF THF iMX/CMTio,., 



I!l„jrr''"'r''''"''^''°'^^"^"°"''™'"^^---e copper 
inierconnects in semiconductor devices ann m«r« ... 

-««yo,a3.asce„ocoppeHn2:e:: '° 

BACKGROdMn np thf IMYTriTinfl 

[0002] As the density of semiconductor devices incrp«««c . 

such as organo-silicate aia<5«« /'nQr\ o • . 

plasma do- etching of aluminum, suitable copper etches for , . • . 

" environment are no. .adiiy ^^..r^T^ZlZT^^^ 
P-obtem, damascene processes have been developed. 

sed „ du , damascene process, vias are etched into the ILD (interlevel dielelc) 
structures. The barner layer 16 is typical, tantalum n«ride or some other binary 
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~n .e.a, nitride and ,ha ,hi„ Cu seed layer is deposited using physical vapor 

deposta-AoopperlayerfethenelectrachemfcalMepositedontotheseedlayerthat 
covers , e entire structu.. The copper . then chemica„y-n,echanica,iy polished 
(CMP d) ,0 remove the copper over the IMD 14, leaving copper interconnect lines 18 
and vias 20 as shov,n in FIG. 1 . A metal etch is thereby avoided. 

100041 Typically, several copper interconnect layers are successively fom«d After 
one metal interconnect layer is fom,ed, an etchstop layer is deposed thereover and 
«ie ne,^ levels' ILD and IMD are fomied. The etchstop layer prevents Cu diffusion from 
.he metal lines into the overlying oxlde4,ased dielectric and protects the Cu from 
subsequent via/trench etches used to fom, the next level of interconnect 
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SUMUMRY OF THE INVFMTiriM 



10005) The inven«on is a method for forming a copper interconnect having 
-proved reliabiiity. After the copper is piated by eleCrochemica, dep„sit»„ (ECD, 
andcher^caJy-mechanicai^poiishedhacMheexposedco^^^^ 

II T ""'^ ' """'"'^ - '-'^ ~- "-e wafe 

surface ,mmed,a.ely priorto deposSing the overiying dieieotric byer. Silicon doping 

t""'' °' ' ~« ^ """P- '"'--onnect having 

« rei,a ,i„y using a method that regui.s no addihonal equipment beyond 
what ,s normally required to create such interconnects. 

I0007J This and other advantages will be apparent to those of ordinary skill in the 
art ha™g reference to the specification in conjunc^on with the d^wings 
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[0009] In the drawings: 

[0010] FIG. 1 is a cross-sectional diagram of a conventional (prior art) dual 
damascene copper interconnect. 

[00111 F'°-2i^across-sa*naldi3gramofacopperl„.erconnectfo™ed 
according to an embodiment of the invention. 

t00,2, FIGS. 3A.3E are c.ss-sec«ona, diagrams of the copper interconnect of 
i-ib. 2 at various stages of fabrication. 

1 ZV ™ """^^ ^"^^ 0' 325-C 

and 1 5MA/cm current density for cases of 1) no siiane over wafer prior to SiN 

depos^on and 2) 3 seconds siiane over wafer prior to SiN depositjn. 

10014] FIG. 5 is a graph of Wa Stress Migra«on improvement with SiH4 exposure 

temperature. Increased SiH4 flow or increased temperatu. result in inls 
Si doping level of the Cu surface. increased 

, ? °' '"'^'"^ The 

interfece strength improves with higher doping levels. 
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DETAILED DFSr. RIPTIQN OF THP EMBQDIMFMT.g 

[001 5] The invention will now be described in conjunction with a specific via first 
copper dual damascene process. It will be apparent to those of ordinary skill in the 
art that the benefits of the Invention may be applied to other copper Interconnect 
processes such as single damascene processes, trench first dual damascene 
processes and other via first dual damascene processes. 

[0016] As the technology scales to below the 130 nm node, the VSM and EM 
requirements become more and more difficult to meet. The inventors have 
discovered that by doping the copper interconnect with a small amount of Si after 
CMP improves the VSM and EM lifetimes. FIG 4 shows the EM lifetime 
improvement for a Si-doped vs. undoped interconnect line of -0.18 pm width and 
-0.35 Mm depth under stress conditions of 325'C and 1 .SMA/cm^. FIG 5 shows the 
improvement in Via Stress Migration 48hr/150C shift for the case of 0 seconds or 3 
seconds SiH4 flow at 400C and 3 seconds SiH4 flow at 425C. The EM and VSM 
improvements are attributed to the improvement in adhesion interface energy 
between the SIN and the Si-doped Cu, shown in FIG 6. 

[0017] A dual damascene copper interconnect 100 formed according to the 
invention is shown in FIG. 2. Copper interconnect 100 is formed over 
semiconductor body 102. Semiconductor body 102 typically has transistors and 
other devices (not shown) formed therein. Semiconductor body 1 02 may also 
include one or more additional metal interconnect layers (not shown). Copper 
interconnect 100 comprises a lead portion formed within trenches 108. A via portion 
is formed in vias 106 below trenches 108. Vias 106 extend from the bottom of 
trenches 108 through interlevel dielectric (ILD) 1 10 to a lower metal interconnect 
layer. Trenches 108 are formed within intrametal dielectric (IMD) 112. Various 
materials are known to be suitable for forming ILD 1 10 and IMD 1 12. For example. 
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ston-nwes, or combinations thereof may be used. 

[0019] Copperinterconnect100ofmeDrefen»rto,v,k„j- 

. .sc.. ..e. be., .opin. ^ ^ 
Accord,ng,y, Si dopan, 115 is gaseously introduced over the suZ oLoe 

^.provesth:rr:::ir"""^'^^*^^^^^^ 

(0020) A method of fabricating copper interconnect 100 according to the 
-ent,on m now be discussed v«th reference to Figs 3A 3^1 T. 
semiconductor body 102 is processed through the 1 ^n IT' 
interconnect layers. ILD 110 and IMD 112 are "'o"* or more metal 

102. Suitable materials such as FsS 1 O^r , 7 ^-"-"""otor body 

in the art Trenches 108 1 ! ' '° "° " ^ 

-n. conveCVIZ:™" ^ --------- 110, 

alls i^tr:;;: 

.™s*on metals, ,rans,„on me.a|.„«rides and .,.„s«on metal-silicon-nitrides may 
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(0022) Stl, .ferring ,o FIG. 3A, a copper seed layer 1 16 may be deposited over 

W.yer .Physical vapordeposl,lonis,rad«ional,y used .oJcopper 
layer 1 16. Ott,er methods for forming copper seed layer 116, such as CVD 
are known ,n ,he art. Copper seed layer 1 16 is prefe^bly undoped. The copper 

copper ECD process. 

me ECD tool. Copper film 1 18 is formed by ECD. Various suitable ECD process are 
no«. ,n the art. in a preferred embodiment of the invention, the wafer is 
transfe^ed to the plating eel, of an ECD tool and a pla«ng process is conducted 
The plat,ng step may include several piafing currents as is well known in the ar, ' 

herein, the rnvention is not limited to ECD deposited copper. 

100241 After the final copper thickness is achfeved, the copper flim 1 18 may be 
^neaied. After the ECD process and any annealing steps, the copper layer 118 
(wh,ch incorporates seed layer 116) and barrfer layer 114 are chemicaiiy- 
m^hanioai^, polished to remove the excess matenal above a surface level of IMD 
12. The remaining copper and barrier 1 14 in the trench forms copper interconnect 
100, as shown in Fig. 3C. 

(0025) After the copper CMP and prior to deposing any subsequent layer, such 

astheetchs.op,ayerforthenex.me.allnterconnec..vei,thesuLofc:ppe 
■nterconnec 100 is doped with silicon, as shown in FIG. 3D. In the preferred 
em^imen. of the InvenUon, silicon doping is achieved in the same chamber used 
fordepos.„gthesubseguente.chstoplayerafterCMP,anypos,CMPc,ea and 
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^et^top deposition cleans are performed. Prior ,c s«ng a plasma in «,e 
Chamber to beg,n S,N deposition, the semiconductor body is heated to 

few (0.5 .0 5) seconds pnor to striking the plasn^a (i.e., with the RF power still off) 

opesthesurfaceofthecopperinterconnect^-thsilicon. PoreJp., J 1 
gas atarate Of 670sccms for approximately th^ seconds pltostriC 

epthrorr,''"'""'^'"^'"""^^^^^^ 

depths of - 0.45 microns. Silicon doping in the range of 0.03 at. % to 0.5 a. % is 
des,red. Va ous methods for doping the surface of copper interconnect 1 00 will be 

[00261 1. Should be noted that the doping tevels of the instant invention do not 
e I. ,n s,l,c, ation at the copper surface. A. -400-C, the sol. solubil«y lim« of Si in 

invention, whereas nomial silicidation exposure times are much longer (e g 
greater than 5 min.). ^ 



(0027, ,t Should also be noted that Si doping negaUvely impacts resistWy of the 
copper interconnect. The resistiv«y increase depends on the final doping 
concentration which, in turn, depends on film thickness. 

[00281 After doping the surface of the copper interconnect 1 00 to the desired 
teve a plasma is struck in the chamber and a SiN etchstop layer 120 is deposited 
s Shown ,n IC. 3E. As illustrated in R, 6 and discussed above, silicon doping^ 
2 copper interconnect improves SiN adhesion to the copper surface. Process ng 
may hen continue to fom, the next meta, interconnect tevel (i.e., a second ILD, 

0 It ■ 'evels and 

to package the device. 
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r0029J W 'te this invention has been described reference ,o i„us,ra«ve 

-bcd,.ents, .his description is no. intended to be construed in a limiting sense 

V^ano„3.odi«ca,ionsandcon,bina«onsofthei,,ust.^^^ 

other en,t.d,n,en.s o, the inven«on, wil, be apparent to pe.ons sKilied in the a 

Pon.,e.„ce to the description. ,t is therefore intended thatthe appendi x 
encompass any such modifications or embodiments. 
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